ABSTRACT
INTRODUCTION
Planning in the US is still forging new ways to integrate sustainable development, which is a comprehensive mantra for development planning (Berke and Manta-Conroy 2000; Jepson & Haines, 2014) . One of the key tools in sustainability planning is the use of sustainability indicators (SI). A considerable amount of scholarship has contributed to define and develop SI programs for local level application (Elgert & Krueger, 2012) . Much of the focus of SI research to-date is on developing the ideal indicator based on defined criteria for each indicator (Hart 1999; Innes and Booher 2000; Holman, 2009 ). This paper furthers the dialogue by offering a methodology beyond defining the ideal indicators to demonstrating how indicators can be used for more in depth analysis of complex urban areas.
Using data to drive public policy can be proven to be beneficial through explicit inclusion in policy (Innes, 1988; Brugmann 1997; Bell and Morse 2008) . Sustainability indicators can go beyond the singular function of measuring gains or losses in public policy to informing and enhancing the framing of public policy. This is because SIs represent a very value laden body of social, economic and environmental determinism in development services. SIs represent the theory of sustainable development, which is composed of a definition, set of principles, frameworks, suggested development processes and indicator characteristics. SIs can be thus used to serve political and operational functions. On the operational gamut, they are useful for goal oriented objectives (Backhaus, Bock, & Weiers, 2002) . This is why it is important to further demonstrate how indicators can be applied towards more in-depth research to tackle complex problems in urban areas.
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The research first identifies a set of indicators developed with the assistance of a group of local experts in Houston, Texas. Data was collected and analyzed to measure the indicators at the level of 88 communities in the city. Exploratory analysis was conducted on the data collected for each community to determine how the indicators were related and to identify any relationships in the data that were meaningful findings for focusing planning policy. Specifically we were interested in answering the question of 'What are the factors that can best identify and explain distressed communities in Houston?' After the most appropriate factor to explain distressed communities was identified, scores were developed for each community according to the factors and the communities were ranked according to level of distress. Next the top ten most distressed and bottom ten least distressed were compared only according to the indicators from the dataset that explain place based differences. Specifically differences for which public intervention may support better quality of life and improvements to community function. The two groups were compared to answer the question, 'Is there a significant difference between the most distressed and best performing communities in Houston according to community characteristics?' The paper concludes with policy recommendations for public improvements to distressed communities in Houston. This research demonstrates the use of performance measurement as an essential component of planning in general and then highlights the use of sustainability indicators in particular as a robust, comprehensive and systematic approach for assessment and enhancement of planning policy.
BACKGROUND
In the 1990s as strategic thinking and results oriented management was improving in the public sector, the use of measurement systems for tracking performance became widespread in the US. The book, 'Reinventing Government', published in 1992 was a landmark guide for local government performance management. The federal government also implemented the 1993 Government Performance and Results Act to further spur this movement (United States Congress, 1993) .
At the same time that US government agencies were becoming more efficient through the implementation of performance measurement; crises in planning were being reported in terms of a loss of unified vision and inability to meet stakeholder needs (Levy, 1992) . A review of typologies of plans conducted in 1995 showed that the Development Plan was the closest instrument to actually having performance measures through its structure of linking goals, objectives and policies. This was exemplified by the Sanibel, Florida plan. However none of the plans presented in the Stalwart Family Tree explicitly incorporated performance measures . This gap was later identified as the need to integrate performance measures to link plan goals with actual outcomes (Talen, 1996; Berke & Manta-Conroy, 2000) . This national movement in the 1990s to develop performance measurement was actually coupled with an international movement to develop sustainability indicators to measure development perfromance (United Nations, 1996) . Talen (1996) and later, Berke and Manta-Conroy (2000) , show that these movements did not go unoticed by the academic community. Articles written between then and now highlight the gradual establishment of indicator projects across cities and countries abound (Mori & Christodoulou, 2012) . However, these projects are not explicitly linked to plans and in most cases they are conducted outside the planning department. What is even more puzzling, is that even though many plans have attemted to incorporate sustainability, and one of the major instruments of incorporating sustainability is to develop sustainability indicators, indicators are still not normatively included in most plans developed 1 . (Berke & Manta-Conroy, 2000; Conroy & Beatley, 2007 We have a gap in planning in terms of developing performance metrics for plans. Talen (1996) , presented an excellent overview of established approaches to developing performance metrics in the field of planning. She succintly summarized the problems by recognizing the difference between planning implementation and plan implementation (Ibid. pg 249). In planning implementation we have several models for evaluating alternative plans and planning documents. Methods for evaluating planning behavior and planning impacts and also methods for implementation analysis. What we do not have are many methods for evaluation of implementation of plans. The problem was attributed to three concerns (1) lack of clarity with defining success; (2) lack of methodologies for addressing multicausality due to the complexity of living environments; and (3) lack of suitable quantitaive methods attributed to missing data, statistical validity and ability to account for the subjectivity of reality.
Sustainability indicators can help to bridge this gap based on the fact, that they are not just performance measures, but are value laden descriptors and guides for helping to formulate planning and development goals. Sustainability Indicators can easily serve monitoring, evaluation or steering functions (Wiek & Binder, 2005) . Sustainability has established the precept of addressing the build environment from the three pillars of social, economic and environmental development. Sustainability planning research has also established that not doing so means that we cannot properly address critical conflicts that exist and are difficult to frame such as devleopment conflicts and resource conflicts (Campbell, 1996) . Sustainability ensures that we strive to identify connections between disparate systems for addressing trade-offs (Neuman & Churchill, 2011) .
To address Talen's (1996) problems with establishing clarity for defining success, sustainability indicators can help if the development of indicators completes the initial component of plan preparation, which is to develop goals. In other words goals and objectives are developed and then indicators identified to measure those objectives. The indicators will constitute the tools for an essential systematic evaluation, through which we can reevaluate planning elements (Berke & Godschalk, 2009 ). In practice we develop goals based on normative thinking and then develop plan elements to address those goals without recognition of agreed upon standards to measure success.
Therefore our plans have little intellectual or political mandate (Altshuler, 1965) . Integrating sustainable development indicators into comprehensive planning would help to solve some of our problems. But we also have the issue of multiple stakeholders and departments oftimes having mandate for planning different thematic areas, such as a parks department or a housing department. Kaza & Hopkins (2012) also point out the difficulty of managing intentions and actions from multiple stakeholders in plans. They suggest that we would have to recognize spatial, temporal and functional relationships between actions to properly address the complexity of the built environment.
A focus on understanding how SIs can bridge the gap between disparate functions in city management and planning can help planning departments better coordinate with other departments in meaningful ways. Coordinating multiple city departments to understanding the factors that drive crime in an urban area, for example, should not mean the collection of separate topical plans to create a consolidated plan. This process is best done by aggregating indicators identified by different experts within different departtments, such as transportation, housing, and economic devleopment. Then analysis is applied to find predictors for increased crime. The improvement or reduction in these predictors/ indicators are systematically formed and reliable assumptions that could drive the development of a robust crime reduction plan. Thus a study of an in-depth application of SIs, such as this one, can highlight the benefits of including SIs in planning.
Managing complex planning problems without planning
The city of Houston is an example of a major city in the US (4th Largest), where complex issues arise that need complex solutions on a day to day level. The City of Houston, Texas is the 4th most populous city in the United States with 2,099,551 persons in 2010 (US Census 2010). Based on its rate of growth, calculated since 1980, the population is projected to grow to 3,172,082 by 2060. This is adding a little over 50% more people or just over 1 million. Houston is the most sprawling city of the top 4 most populous cities in the US, with a land area of approximately 600 square miles, which is larger than the land area of New York and Chicago combined. According to the aforementioned population projection, in 2040 Houston will still be less dense than New York, Chicago, or L.A. are today. Houston is a minority-majority city leading the way to what we can expect for the entire US in the near future in terms of demographics (Economist, 2009) . Houston has 44% Hispanic, 26% White, 23% African American and 7% of the population from other racial/ethnic groups. As of the 2010 census the White group was 300,000 persons smaller and the Hispanic group was 640, 000 persons larger than compared to 1980 numbers ( U.S. Census Bureau, 2011). Houston has the highest violent and property crime rates among the largest cities in the country (US Census, 2007) . The poverty rate is 23% and the median household income is $42,355. The average household spent 46% of their income on housing and transportation costs (King, 2012) . This city is going through a tremendous demographic change; crime and poverty are high. Incomes are low on average and people spend a tremendous amount of their income on housing and transportation costs. It is not clear that the average Houstonian understands these major issues since popular media primarily focuses on housing prices without regard for incomes and or focuses on job numbers without regard for the pay scale of those jobs or the fact that the job numbers are for the Houston metro area and not just for the City of Houston (Brennan, 2012; Mulvaney, 2014) .
Houston is a good case study for this topic because it has no comprehensive plan and has several stakeholders producing various forms of plans. In fact, the city of Houston, has not established goals, or visions to direct development in the city. Therefore existing development should only be explained through separate and distinct projects and thematic investments. A report has identified 35 separate and distinct plans extant in the city (HNTB & Spillette, 2003) . Therefore we can analyze development in Houston as a lab neutral to central planning to determine if patterns can be identified which support accepted planning dogma. We can also determine the strength of indicators to identify areas in which development performance can be improved based on current or suggested governance structures in the city.
Planning without the legal basis for planning is important to the city as can be demonstrated by the recently developed voluntary development review process for municipal management districts (MMDs) (Gafrick, 2013) . There are now 19 active MMDs in Houston covering approximately 30% of land area. These districts have combined operating budgets of $42M, although they very much act independently. These MMDs were created by state legislature, with the city's only oversight being at inception with the decision of whether or not to approve the creation of the MMDs.
Data Sources
Data for this analysis comes from the Houston Sustainability Indicators Project (HSI) at the Shell Center for Sustainability on the campus of Rice University. Thirty four (34) measures representing twenty two (22) indicators are included in the analysis. The data represents a balance of social, economic and environmental measures. The data includes: (1) U.S. Census demographic data such as race/ethnicity, income, housing value; (2) Street network centerlines, street condition assessment, storm sewer assessments, air pollution, jobs, bus stops, and park locations all in GIS shapefile vector data from various local, regional and state government departments in Houston. (3) GIS shapefile raster data on land cover from U.S. Geological Survey (4) GIS shapefile vector data for political outlines from the local planning department.
METHODOLOGY
In the analysis that follows we reduce 34 measures of development to a smaller number of factors that represent how the data can be classified into related groups based on similar trends among 88 communities in Houston.
Using the factor (group) that most contained measures identifying distressed communities, the communities were allotted an index score and ranked. The top 10 communities were then compared to the bottom 10 communities according to 14 place based variables related to opportunities for public improvement.
Houston Sustainability Indicators
Data used in this study comes from the Houston Sustainability Indicators program (HSI). The HSI was developed on the campus of Rice University to assist with the characterization of sustainable development in Houston and to support the long term monitoring of development performance. Now in its fourth year, the program has published three SI reports looking at city level performance over time and projected into the future and also at the performance of major districts within the city (SCS, 2013).
The HSI utilizes the Theme /Sub-Theme (TST) framework and has identified themes and sub-themes based on the 'Big Ideas' that Houstonians rally around. These 'Big Ideas' were identified from various sources such as a popular annual survey of opinions and aspirations of Houstonians 2 ; local media articles; and discussions and meetings with several experts and citizens throughout the city. Indicators were selected based on the definition of sustainability, principles, framework, criteria and functions presented in this paper. Data was collected and analyzed from various sources ranging from federal, state, and regional to local agencies. Experts were convened among several workshops to review the data, assign ratings for trends towards sustainability, and suggest policy to improve the indicators. Reports were then developed illustrating and discussing the findings, presenting background relevance to sustainability of each indicator and presenting policy options for improving the indicators.
The HSI reports have achieved major public impact with feature stories on the cover of the leading local newspapers (Sarnoff, 2013) ; feature interviews on major local television stations; headline news features on local radio outlets such as National Public Radio (NPR); and consultation requests from elected officials, business executives, and local non-profits. This public impact in itself hints to the value of the HSI program to supporting sustainable development in Houston.
The goal for the HSI project was to capture development themes based on recognition of the various levels of governance overlapping the city and highlighting the issues that may be found at various levels of geography such as neighborhoods, regions, urban and suburban dynamics. The first two reports published by the center 3 were focused on the Houston municipal boundary. The third report focused on the eleven council districts within the city, measuring performance at the levels of elected officials 4 . A fourth report is compiled at a lower level of geography, which is the community level 5 .
The following table presents the indicators selected for the HSI program. 
Factor Scores
To determine the score for a neighborhood on a particular factor, the neighborhood's data on each variable is multiplied by the factor weight for that variable. The sum of these weight-timesdata products for all the variables yields the factor score. Neighborhoods will have high or low factor scores as their values are high or low on the variables entering a pattern. Factor score, case j and factor k
Where F-factor score; j -case; k -factor; Wfactor score coefficient; X -factor; p -number of variables Communities Ranked 1 -10 will be considered Group 1, which are the top ten most Distressed communities in Houston. Communities 79 -88 are Group 2, which is the top ten least distressed (Wealthy) communities in Houston.
Two-Independent Samples-T-Test
The next step is to run a TwoIndependent Sample T-Test to evaluate difference between the two groups identified above based on the measures that relate to public investment. These are measures, which are directly affected by the level of local government investment and development. Those measures are as follows. 
Public Investment Indicators
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CONCLUSION
Public Choice theory describes trends in Houston, it suggests that all things should be subject to market forces and should not be distorted by government regulation. The problem is that people are not rational utility maximizers and hence there is an imbalance between big business representation and citizen interests (Keating 1995) . Zoning is seen as opposing to public choice theory and some planners also prefer not to have zoning since it has become too restrictive in places hoping to implement mixed use development. Robert Litke, former planning director of Houston, states that Houston has developed much like other Metro places therefore land use regulations may not be necessary (Neuman 2003) . Proponents of zoning of course highlight many valid positions including anticipating development decisions; protecting fragile land and providing social balance in terms of protecting public property from market prospectus (Keating 1995) . Still another opinion is that zoning may be an outdated tool since it is restrictive but we need something to protect fragile landscapes and the public from the excesses of the market. This last opinion is more in favor of comprehensive planning to guide decision making (Berger 2004).
Urban planning has matured into a very complex system of management of social, physical, institutional and policy environments. The diverse nature of these environments must be reduced or integrated in a way in which to facilitate change. In our society the three competing interests of social, market and environmental perspectives, each have a stake in these changing diverse environments and as such should be the gauge in which to balance the environments. Using social, market and environmental perspectives as the gauge for balance we can apply community discourse to achieve that goal. However we should keep in mind that the process itself would be dependent on the distribution of power and organized interests (Kaiser, Godschalk, & Chapin, 1995) .
Indicators are used to serve political and operational functions. They support problem recognition and awareness; communication; opinion forming and strategic design for problem solving. On the operational gamut they are useful for goal oriented objectives, as well as monitoring, control and reporting (Backhaus, Bock, & Weiers, 2002) . Indicators can be characterized as having intrinsic and extrinsic value. The intrinsic value can be defined as characterization of the element being measured. The extrinsic value appears where indicators may also report characteristics about other systems or other elements in an environment (Bossel, 1999) . Indicators can serve to explain, predict, justify and offer normative guidance on the achievement of goals for the development of human settlements (Neuman, 2005) . This speaks to their exceptional importance in supporting the adoption of successful smart growth programs.
